In this study the antagonistic activity among 55 Gluconacetobacter diazotrophicus strains, belonging to 13 electrophoretic types (ETs), in culture media was analyzed. Antagonistic effects were seen only in strains belonging to two ETs named ET-1 and ET-3. Two out of 29 ET-1 strains, and 3 out of 7 ET-3 strains of G. diazotrophicus showed antagonistic effects against many other strains belonging to all the ETs of this species analyzed, and against closely related strains of Gluconacetobacter species, including Gluconacetobacter johannae, Gluconacetobacter azotocaptans and Gluconacetobacter liquefaciens but not against other phylogenetically distant bacterial species. Results showed that the substance responsible of such antagonistic activity is a low molecular mass molecule (approximately 3400 Da), stable from pH 3.5 to 8.5, and very stable at 4°C for 10 months. This substance was sensitive to proteases, and the antagonistic activity was lost after 2 h at 95°C. All of these features show that the substance is related to bacteriocin-like molecules. The antagonistic substance should be chromosomally encoded because ET-3 strains of G. diazotrophicus do not harbor any plasmids. The antagonistic ability of ET-3 strains of G. diazotrophicus could be an advantage for the natural colonization of the sugarcane environment, as was observed in experiments with micropropagated sterile sugarcane plantlets co-inoculated with a bacteriocin-producer strain and a bacteriocin-sensitive strain of G. diazotrophicus. In these experiments, both in the rhizosphere as well as inside the roots, the bacteriocin-sensitive population decreased drastically. In addition, this study shows that inside the plants there may exist antagonistic interactions among endophytic bacteria like to those described among the rhizospheric community.
Introduction
In early studies Gluconacetobacter diazotrophicus was described as a N 2 -fixing endophytic bacterium associated with sugarcane [1, 2] . In the last few years this bacterium has been found in association with different host plants such as coffee [3, 4] , finger millet [5] , and pineapple [6] , as well as carrot, radish and beetroot [3] . In addition, this bacterium has been recovered from different genera of mealy bugs associated with sugarcane [7, 8] .
Multilocus enzyme electrophoresis (MLEE) has been used extensively to measure genetic diversity and genetic structure of natural populations of many bacterial species [9] . In addition, MLEE reveals the distinctive combinations of alleles for enzyme loci (multilocus genotypes), which are designated different electrophoretic types (ETs) [9] . On this basis, ''isolates of identical ET are considered members of the same clone, because evolutionary convergence to the same multilocus genotype is highly improbable [10] . In various studies, MLEE assays were used to determine the genetic diversity of G. diazotrophicus and the genetic relatedness among strains of this bacterial species [4, 6, 8, 11] . MLEE analysis of isolates recovered mainly from sugarcane plants and mealy bugs sampled in Brazil and Mexico showed that the populations of G. diazotrophicus collected in Brazil are represented by seven ETs (ET-1 to ET-7), while the populations collected in Mexico are represented only by a single ET [8] . The genotype ET-3 was predominant in the G. diazotrophicus populations encountered in Brazil, and the ET-1 in the populations from Mexico. Previously, the genotype ET-1 was identified as predominant in populations of G. diazotrophicus recovered from sugar cane plants collected in widely distant geographic regions of Mexico [11] . In addition, 50 G. diazotrophicus isolates recovered from pineapple plants cultivated in Mexico were identified as genotype ET-1 [6] . The genotype ET-1 has been found distributed among all of the host plant species so far analyzed, including sweet potato, Cameroon grass, and coffee plants [4, 8] , but G. diazotrophicus isolates recovered from the coffee environment also included ETs (ETs 8 to 12 and ET-14) not identified previously [4] .
It has been suggested that endophytic N 2 -fixing bacteria may be more important than rhizospheric bacteria in promoting plant growth because they escape competition with rhizosphere bacteria and achieve close contact with the plant tissues [12, 13] . Nevertheless, it is conceivable that inside the plants there exist microbial interactions like those described among the rhizosphere microbial community. Microbial interactions include nutrient competition, antagonism caused by antibiotics, siderophores and bacteriocins. Although these interactions seem to play an important role in the rhizosphere environment [14] , nothing is known on the microbial interactions among endophytic N 2 -fixing bacteria.
In this study we describe the antagonistic activity of strains of the predominant genotypes of G. diazotrophicus against many other strains of this species as well as against closely related strains of Gluconacetobacter species, including Gluconacetobacter johannae, Gluconacetobacter azotocaptans and Gluconacetobacter liquefaciens. We also report that the antagonistic substance is related to bacteriocin-like molecules. In addition, we show that the iso-antagonism by G. diazotrophicus seems to play an important role in the colonization of the endophyte environment of sugarcane plants.
Materials and methods

Bacterial strains
Fifty-five G. diazotrophicus strains used in this work (Table 1) were isolated and characterized by microbiological, biochemical, and genetic tests in different studies [8, 11, 15] . Bacterial cultures have been preserved in 20% glycerol at À80°C prior to analysis. All of the strains described in Table 1 were tested both as producer strains of antagonistic substances and as indicator strains in the antagonistic activity assays. Strains of species closely related to G. diazotrophicus such as G. johannae, G. azotocaptans, and G. liquefaciens as well as phylogenetically distant species of acetobacteria such as Acetobacter and Gluconobacter as well as species of Azospirillum, Klebsiella, Rhizobium, Sinorhizobium, and Frateuria were tested as well. Strains of species closely and distantly related to G. diazotrophicus were used only as indicator strains in the antagonistic activity assays. In addition, G. diazotrophicus strain UAP 5541 carrying the plasmid pRGS561 [16] was used for antagonism experiments in plant.
Media and culture conditions
Three culture media, LGI (salts, without a nitrogen source, and sucrose as a carbon source, pH 5.5) [1] supplemented with 50 mg/l of yeast extract, SYP (sucrose, yeast extract and phosphates, pH 6.0) [11] , and MES-MA (sucrose and mannitol as carbon sources and strongly buffered using MES buffer, pH 6.6) [16] , were used for detection of antibacterial substances in agar (0.8% w/v) plates. One assay was done in LGI and other in SYP media but at least three replicates were done in MESMA agar plates. Because siderophores are produced under iron-limiting conditions [17] , detection of antibacterial substances was assessed on the three culture media without and with 20 ppm FeCl 3 . In addition, antagonism assays were carried out in liquid SYP and MESMA culture media. For the production and purification of antibacterial substances MESMA liquid medium was used. Cultures were incubated at 29°C unless otherwise indicated.
Antagonistic activity detection in agar plates
The double layer agar plate procedure was used for detection of antibacterial activity. Each strain of G. diazotrophicus, considered as a potential producer of antibacterial substances, was tested for its ability to inhibit the growth of other G. diazotrophicus strains, which were considered as indicator strains. Cultures of the potential producer strains were grown for 24 h in MESMA liquid medium with reciprocal shaking (200 rpm). The cultures were adjusted to an optical density of 0.8 at 450 nm (approximately 2 · 10 8 cells per ml), and then twofold diluted in 10 mM MgSO 4 . Aliquots of the cultures were inoculated with a multipoint replicator on culture media (LGI plus yeast extract, SYP or MESMA) in glass plates. After incubation for 36 h, producer colonies were removed with a sterile glass slide, and the remaining cells killed by exposing the inverted plates to the vapor of chloroform for 1 h. Plates were left in a laminar flow cabinet until the residual chloroform had evaporated. The indicator strains of G. diazotrophicus were grown under the same conditions as the potential producer strains and the cultures adjusted to an optical density of 0.8 at 450 nm. About 100 ll of culture was mixed with 4.9 ml of LGI plus yeast extract, SYP or MESMA medium at 48°C, and immediately poured evenly over the bottom layer of agar where the producer strains had grown previously. Inhibition halos formed in the upper layer of agar after 48 h were considered indicative of antibacterial activity. To delimit the molecular size of the inhibitory substance, cultures of producer strains were grown and adjusted to an optical density as described above. Thereafter, the cultures were grown on a single sheet of sterilized dialysis membranes of different pore sizes (12,000, 6000, 3500, and 3000 Da) placed over a bottom layer of MESMA medium. After 72 h the dialysis membranes with the bacterial growth were removed and the antagonistic activity assayed as described before. Antibacterial activity against other genera was tested by the same procedure but indicator strains of acetobacteria species different from G. diazotrophicus as well as Frateuria aurantia and Rhizobium species were only assayed in MESMA medium. Indicator strains of Azospirillum brasilense and Klebsiella pneumoniae were tested in Congo red medium [18] and MacConkey agar, respectively.
Antagonistic activity in liquid cultures
Antagonism assays were carried out both in liquid SYP and MESMA culture media. G. diazotrophicus strains with intrinsic resistance/sensitivity to different antibiotics were tested. Combinations of strains tested were PRX 6 and PAl 3 or PAl 5
T and UAP-5541(pRGS561). Strain PRX 6 is gentamycin (Gm) resistant (60 lg/ml) and nalidixic acid (Nal) sensitive (16 lg/ml), and strain PAl 3 is Nal resistant (32 lg/ml) and Gm sensitive (30 lg/ml). Strain PAl 5
T and UAP-5541(pRGS561) are streptomycin (Sm) sensitive (Sm s ) and resistant (Sm r ) at 40 lg/ml, respectively. When strains were assessed for their resistance/sensitivity to different antibiotics, spontaneous mutants were not observed with the concentrations used. Each strain was grown in liquid SYP or MESMA medium for 18 h and then adjusted at optical density of 0.8 at 450 nm. One ml of each bacterial suspension was inoculated separately (control cultures) into 100 ml of the same medium (SYP or MESMA) in a 250 ml flask and grown with reciprocal shaking (200 rpm) for 100 h. The same cultures were used in antagonism assays in which 1 ml of both PRX 6 and PAl 3, or PAl 5 T and UAP-5541(pRGS561), was co-inoculated into SYP or MES-MA medium. One ml aliquots were sampled every 10 h and immediately serially diluted with 10 mM MgSO 4 AE 7H 2 O. Serial dilutions were plated in duplicate on LGI plus yeast extract medium plates without or with antibiotics. Co-cultures of strains PRX 6 and PAl 3 were inoculated on plates containing either Gm (40 lg/ml) or Nal (25 lg/ml), and co-cultures of strains PAl 5 T and UAP-5541(pRGS561) were inoculated on plates with or without Sm (40 lg/ml), and then incubated for 5-6 days. The bacterial number was determined by direct count of colonies on media with and without antibiotics in accordance with their resistance/ sensitivity to specific antibiotics as indicated above. Five colonies recovered from the highest dilutions on agar plates with antibiotics were further tested for their antagonistic ability on agar plates as described above. The electrophoretic type of these colonies was further verified by MLEE assays of 11 metabolic enzymes as described previously [8, 11] . In addition, Two independent assays were done in SYP liquid medium and three in MESMA medium when strains PRX 6 and PAl 3 were co-inoculated, and only two assays in MESMA liquid medium for antagonism experiments with strains PAl 5
T and UAP-5541(pRGS561).
Antagonistic activity in semisolid medium
Strains UAP-5541(pRGS561) and PAl 5 T were grown in liquid MESMA medium with reciprocal shaking (200 rpm) for 24 h; the cultures were centrifuged, and pellets washed three times in 10 mM MgSO 4 AE 7H 2 O, and adjusted to an optical density of 0.8 at 450 nm. Fifty ll of each strain were inoculated separately or co-inoculated in tubes (10 replicates for each case) containing semisolid LGI medium. After 7 days of incubation the bacterial growth was streaked on LGI agar plates (supplemented with yeast extract) with and without Sm (40 lg/ml). Thirty colonies of each plate were tested for their ability to inhibit the sensitive strain PAl 3 by the double layer agar plate procedure described above.
Antagonistic activity in plant
Bacterial antagonism assays in association with sugarcane plants were carried out with G. diazotrophicus strains PAl 5 T and UAP 5541(pRGS561). Cells were grown in MESMA liquid medium at 29°C and shaken at 200 rpm for 24 h. The cultures were centrifuged and the pellet washed three times with 10 mM MgSO 4 and finally resuspended in the MgSO 4 solution to an optical density of 0.8 at 450 nm. Suspensions of strains UAP-5541(pRGS561) and PAl 5 T were mixed in a 1:1 (v/v) proportion for antagonism assays. Micropropagated sterile sugarcane plantlets (var. MEX 57-473) were obtained by meristem tissue culture as described previously [19] . Plantlets were inoculated under sterile conditions by immersing the roots in the suspension of strains for 1 h. Plantlets inoculated separately with strains PAl 5 T and UAP-5541(pRGS561) were used as controls. Each inoculated plantlet was transplanted to a 1 l capacity pot containing sterile vermiculite and maintained in a greenhouse with controlled temperature (26-30°C) and the natural photoperiod during the months of March to May of 2001. Plantlets were watered with 200 ml of the modified MS nutrient solution [20] supplemented with 10 mg NH 4 NO 3 as nitrogen source, and sucrose was omitted. Bacterial recovery from rhizosphere and roots of inoculated plants was determined at 25 and 65 days post-inoculation. Five replicate plants were analyzed. At harvest, plants were removed from the pots and the vermiculite adhering to the roots (considered as the ''rhizosphere'' in this work) was resuspended in sterile 10 mM MgSO 4 AE 7H 2 O in a rate of 1:10 (w/v). This suspension was vortexed at 3000 rpm for 3 min. The resulting suspension, which was considered to contain bacteria from the rhizosphere, was serially diluted with sterile MgSO 4 AE 7H 2 O. The roots were surface sterilized as described previously [19] . Roots were macerated in sterile 10 mM MgSO 4 AE 7H 2 O in a 1:10 (w/v) proportion. The macerates were serially diluted and used to calculate the most probable number (MPN). Three replicates per 10-fold dilution were inoculated in vials containing N-free-semisolid LGI medium without and with Sm (40 lg/ml) and incubated for 7 days. The cell number of strain UAP 5541(pRGS561) (Sm r ) was determined by considering the positive growth into vials containing semisolid LGI medium with Sm. PAl 5 T (Sm s ) cells number was determined by taking into account positive and negative growth into vials containing semisolid LGI medium without and with Sm. Vials with a thick yellow surface pellicle were streaked onto LGI agar plates supplemented with yeast extract (50 mg/l) without or containing Sm (40 lg/ml) and then incubated for 3 days to verify the presence of the inoculated strain. In addition, the ET of five colonies was further verified by MLEE assays of 11 metabolic enzymes as described previously [8, 11] .
Data analysis
Data were analyzed statistically using StudentÕs t-test.
Purification of the antagonistic substance
In preliminary assays with culture supernatants it was determined that the antagonistic substance was not soluble in chloroform, but this solvent was used for separating the antagonistic substance as described below. The producer strain PAl 5 T was grown in 1.0 l of MES-MA liquid medium with reciprocal shaking (200 rpm) for 48 h, and then the culture was centrifuged at 12,300g in order to remove the cells. The culture supernatant was combined with 500 ml chloroform and mixed vigorously. The antagonistic substance, detected previously in the water-chloroform interface, was separated and the extraction using chloroform repeated once more. The water-chloroform interfaces were pooled and evaporated to 100 ml under vacuum with a rotary evaporator at 50°C. The partially purified extract was stored at 4°C, and the antibacterial activity was assayed monthly by the double agar plate method using the G. diazotrophicus 1772 as sensitive strain. For this, the extract was twofold diluted using sterile MESMA liquid medium and then aliquots of each dilution were placed on a MESMA medium plate in five replicates. The antibacterial activity was defined in arbitrary units/ml. One arbitrary unit is the reciprocal of the highest dilution causing a visible inhibition zone on the indicator lawn.
On the basis of previous assays for determining the solubility and mobility of the antagonistic substance by paper chromatography and different mixtures of solvents as mobile phase, the antagonistic substance was purified from the partially purified extract in two steps by thin layer chromatography (TLC) using silica gel 70 (Merck). In the first step 25% (v/v) ethanol in distilled water was used as a mobile phase in order to discard soluble substances, since in this step the inhibitory substance (visualized under ultraviolet light) did not migrate (R f = 0.0); then the substance was eluted using 80% (v/v) ethanol in distilled water. Thereafter, the eluted substance was chromatographed on silica gel using the solvent system ethanol-water (80:20). The purified band (R f = 0.91) was eluted once more using 80% ethanol, and its antibacterial activity was confirmed by the double layer agar plate procedure described above. 80% (v/v) ethanol in distilled water was used as a control. SDS-PAGE [21] was used to visualize differences between extracts from an antagonistic strain and a susceptible strain, as well as for estimating the molecular mass of the antibacterial substance.
Stability of the antagonistic substance
The antibacterial substance, purified by TLC, was tested for susceptibility to 2 mg/ml (final concentration) of proteinase K [diluted in 10 mM Tris (pH 7.8)-10 mM EDTA-0.5% SDS], pronase [diluted in 10 mM Tris (pH 7.8)-50 mM EDTA-0.5% SDS], lysozyme [diluted in 10 mM phosphate buffer (pH 7.0)], and lipase [diluted in 100 mM phosphate buffer (pH 7.0)]. Incubation was at 37°C for 1 and 2 h. Thereafter, the activity of the antagonistic substance was assayed as described above. Diluting solutions without enzyme were included as controls. In addition, the antagonistic substance was diluted in phosphate buffers to obtain pH from 3.5 to 8.5. Samples were maintained for 2 h at 37°C and then assayed for antagonistic activity. Thermostability of the partially purified preparations, diluted in phosphate buffer (pH 7.0), was determined by heating the suspension at 30, 37, 45, 55, 60, 75, 80, and 95°C for 2 h. Samples were cooled and assayed for antagonistic activity.
Results
Antagonistic activity in agar plates
Fifty-five G. diazotrophicus strains were tested in their antagonistic ability against the same 55 as indicator strains, using the double agar layer plate assay. Antagonistic activity was observed among G. diazotrophicus strains regardless of the culture medium used (LGI, SYP or MESMA). Because the results were very similar on the three culture media used, we describe only the results obtained in the MESMA medium. We found antagonistic effects by 3 out of 7 (43%) of the strains (PAl 5 T , PRX 3 and PRX 6) corresponding to genotype ET-3, which is predominant in the G. diazotrophicus populations associated with sugarcane cultivated in Brazil, and by 2 out of 29 (7%) strains (PBD 4 and PBD 17) of the genotype ET-1, recovered from sweet potato cultivated in Brazil, but predominant in the populations of this species found associated with sugarcane in Mexico ( Table 2 ). Antagonistic strains grown on agar plates had a colony size (diameter) from 3 mm. ET-1 and ET-3 strains formed growth inhibition halos in the range from 5 to 8 mm and from 20 to 24 mm, respectively, on agar media. Inhibition zones were always transparent (data not shown). ET-3 strains exhibited a very similar spectrum of antagonistic activity but largest that the exerted by ET-1 strains (Table 2) . About 71-78% of the G. diazotrophicus strains were inhibited by ET-3 strains, while ET-1 strains inhibited 27-51% of the G. diazotrophicus strains. Self-inhibition of ET-3 or ET-1 strains by their own products was never observed, nor was isoantagonism among these strains detected. Interestingly, three ET-3 strains (PRJ 20, PSP 15 and PSP 19) and four ET-1 strains (PRJ 17, PRJ 24, PBD 13 and CFNE 515) were non-producers of inhibitory substances, but were resistant to the activity of antagonistic strains. In addition, all of the antagonistic ET-3 strains of G. diazotrophicus exhibited an identical spectrum of antagonism against strains of the closest related Gluconacetobacter species, which include G. johannae, G. azotocaptans and G. liquefaciens but not against Gluconacetobacter hansenii or other bacterial species (Table 3 ). All of the results described above were observed in culture media plates without and with 20 ppm FeCl 3 (data not shown). The inhibitory substance diffused through dialysis membranes with a molecular size cut-off of 12,000, 6000, and 3500 Da, but not through the membrane with a pore size of 3000 Da (data not shown).
Antagonistic activity in liquid cultures
In both liquid SYP and MESMA culture media a similar antagonistic behavior was exhibited by ET-3 strains PRX 6 and PAl 5 T against strains PAl 3 (ET-5) and UAP-5541(pRGS561) (ET-1), respectively. At the late-exponential phase (20 h) strains PRX 6 or PAl 5 T drastically inhibited the growth of sensitive strains. Although the cell number of the antagonistic strains and the number of surviving cells of sensitive strains varied among replicates, a very similar tendency always was observed (data not shown). An example of antagonistic activity exhibited by strain PRX 6 against strain PAl 3 in a liquid culture medium is shown in Fig. 1 . Colonies of strains PRX 6 or PAl 5 T , after growing in liquid cultures for 100 h, exhibited the same antagonistic ability in agar plates as above mentioned (data not shown).
Antagonistic activity in semisolid medium
Strain PAl 5
T strongly antagonized strain UAP-5541(pRGS561) in co-inoculation experiments into semisolid LGI culture medium under N 2 -fixing and microaerobic conditions. Only strain PAl 5 T was recovered among 90 colonies analyzed grown on LGI agar plates.
Antagonistic activity in plants
Twenty-five days after inoculation of sugarcane plants, there were no statistical difference in the cell numbers of the strains PAl 5
T and UAP-5541(pRGS561) 
3 PAl 5
+, antagonistic activity; À , no antagonistic activity. a Strains corresponding to ETs 4-12 and ET-14 indicated in Table 1 are included.
when they were inoculated alone or co-inoculated (Table 4) . However, 65 days after inoculation of plants, the cell numbers of strain UAP-5541(pRGS561) decreased much more drastically than strain PAl 5 T both in the rhizosphere as well as inside the roots when these strains were co-inoculated (Table 4) .
Purification of the antagonistic substance
The antibacterial activity of the partially purified antagonistic substance was 6400 arbitrary units/ml. Differences between extracts from an antagonistic strain (PAl 5 T ) and a susceptible strain (PAl 3) were observed in SDS-PAGE assays (data not shown); bands of 14 kDa and 3400 Da were observed in the extract from strain PAl 5 T but not in the extract from strain PAl3. The molecular mass of the antagonistic substance was estimated to be about 3400 Da by SDS-PAGE (Fig.  2) , which confirms the delimitation of the molecular size obtained using dialysis membranes (between 3000 and 6500 Da).
Characterization of the antagonistic substance
Some stability characteristics of the antagonistic substance are shown in Table 5 . This substance is a protein molecule because its stability was reduced by protease treatment after 2 h, but not by lysozyme or lipase. The antagonistic activity of this molecule was lost after 2 h at 95°C, but not when it was treated for 1 h at this temperature. This small protein molecule responsible of the antagonistic activity was resistant to changes of pH from 3.5 to 8.5 and very stable at 4°C for at least 10 months. These features show that the molecule is related to bacteriocin-like molecules.
Discussion
In the present work the antagonistic activity among 55 G. diazotrophicus strains, clustered in 13 ETs, was analyzed. Three out of seven ET-3 strains (43%) of G. diazotrophicus, isolated from sugarcane plants, were able to inhibit in culture media the growth of most strains from the other twelve genotypes of this species recovered from sugarcane, coffee, and pineapple plants as well as from mealy bugs associated with sugarcane. Similarly, 2 out of 29 ET-1 strains (7%), isolated from sweet potato, inhibited the growth of 13 other ET-1 strains, and of many strains from the other 10 genotypes of G. diazotrophicus isolated from sweet potato and other host plants; all of the ET-7 strains, and six out of seven ET-3 strains were not antagonized by the two ET-1 strains. It is noteworthy that ET-3 or ET-1 antagonistic strains were able to inhibit the growth of strains isolated from the same crop plants cultivated in the same or different region or from other host plants. Antagonistic ET-1 strains were resistant to the inhibitory effect of producing strains of ET-3 and vice versa Hence, it is likely that the substances responsible for the antagonistic activity exhibited by ET-1 and ET-3 strains are similar or identical. Interestingly, most of the non-antagonistic ET-3 strains and a few non-antagonistic ET-1 strains were resistant to the inhibitory substance produced for either ET-3 or ET-1 strains. Immunity mechanisms or posttranscriptional modifications could explain the resistance to the inhibitory substance observed in these strains, as has been found in bacteriocin-producing cells [22] . In addition, this substance inhibited the growth of strains of several closely related Gluconacetobacter species, but was not active against other acetobacteria spe- cies non-closely related (e.g., G. hansenii) or against phylogenetically distant species of other genera. Because such antagonistic activity was observed even in culture media with Fe +3 as well as on a strongly buffered culture medium (MESMA), siderophores or acids were discarded as being responsible for the antagonistic effect. The antagonistic substance produced by members of the ET-3 of G. diazotrophicus was a small molecule (3400 Da) excreted to the media, of proteinaceous nature, and very stable to temperature and pH changes. These characteristics resemble those used to define a bacteriocin. Bacteriocins are biologically active proteins or peptides produced by bacteria, which have a bactericidal mode of action against homologous or closely related species [23, 24] and are extracellularly released [25] . On these bases, we considered that the inhibitory compound produced by strains of G. diazotrophicus is a bacteriocin-like inhibitory substance (BLIS), and according to recommendations for bacteriocins naming whose amino acid sequence is unknown [23] , the name BLIS-Gd is proposed for this type of compound. Recently, a substance produced by one strain of G. diazotrophicus was reported as bacteriocin [26] . Nevertheless, its physicochemical characteristics and its activity (12,500 Da, completely inactive at 60°C, and also antagonistic to distantly related organisms) indicate that it is different from BLIS-Gd. In addition, BLIS-Gd seems to have an amphipathic feature and to be a peptide joined to other molecule, since during the separation process it was accumulated in the waterchloroform interface, and was not completely inactivated by proteases. However, BLIS-Gd does not contain a lipid molecule since the inhibitory activity was not lost after treatment with lipase. Bacteriocins conformed by a conjugate of different molecules and partially resistant to proteases have been reported [27] .
Usually bacteria produce bacteriocins only in rich media, and its synthesis is greatly affected by type and level of carbon and nitrogen sources [24, 25, 28] . However, the production of BLIS-Gd was observed both in rich media (e.g., SYP and MESMA) as well as in a minimal medium such as LGI without and with yeast extract as a nitrogen source under microaerobic (in semisolid medium) and aerobic (on agar plates) conditions, respectively. This fact suggests that the bacteriocin produced by G. diazotrophicus was expressed constitutively. Most of the genes involved in the synthesis of bacteriocins are located on plasmids [29] [30] [31] [32] . However, BLIS-Gd should be chromosomally encoded, as ET-3 strains of G. diazotrophicus, including type strain PAl 5, do not harbor any plasmids [11, 33] .
Bacteriocin-producing microorganisms could have a competitive advantage over taxonomically related bacteria in their habitats [34] . Nevertheless, studies that show antagonistic relationships between bacteriocinogenic and sensitive strains in a natural environment or in association with a common host are scarce [35] [36] [37] [38] . On the other hand, the ecological role of bacteriocins has been considered unclear [39] . In the present work, it was shown that a bacteriocin-producing strain (PAl5 T -ET-3) of G. diazotrophicus was able to inhibit a bacteriocin-sensitive strain [UAP-5541(pRGS561) -ET-1] of the same species, either in vitro or in association with the sugarcane host plant. Previously, it was observed that the G. diazotrophicus populations decreased considerably in relation to plant age, regardless of the bacterial genotype or sugarcane cultivars [19] . Nevertheless, the bacteriocin-sensitive population decreased more drastically than the producing one when they were co-inoculated. This result strongly support that the bacteriocins are not produced only in culture media as bacterial waste, but may play an important competitive role in their habitats against taxonomically related bacteria.
Although not all strains of the genotype ET-3 were able to produce bacteriocins, most of them resisted the antagonistic activity, conferring an important characteristic to this genotype. Previously, it was observed that ET-3 strains of G. diazotrophicus prevail in sugarcane cultivated in Brazil [8] . Such preponderance could be related to factors involving the interaction between the ET-3 genotype of G. diazotrophicus and the host plant [19] , but also to the ability to produce bacteriocins that could inhibit other G. diazotrophicus genotypes in nature, or to resist bacteriocin activity.
In conclusion, this study shows that inside the plants there may exist antagonistic interactions among endophytic bacteria like to those described among the rhizospheric community. On this basis, it is conceivable that endophytic bacteria capable of producing bacteriocins, or other antagonistic substances, could be used as biological control agents.
